A method was developed to use atomic absorption spectrophotometry for copper measurements in milk filtrates prepared from equal volumes of milk and 20% triehloracetic acid. Results are reported for 11 farms for water supplies, wash and rinse solutions, and milk. Copper below 10 /1g/liter was found at the well for the 5 farms with their own spring supply. Averages and ranges for all 11 farrn~ in /~g/liter were 33 (0 to 156) at the cold water tap in the milk house, 220 (8 to 1,360) at the hot water tap, 246 (8 to 1,722) in the wash sink with added detergent and hot water, and 275 (9 to 1,823) after using the wash solution. Rinse solution with hypochlorite in cold water showed a rise from 31 (1 to 157) before use to 51 (5 to 206) after use. Copper in milk averaged 99 /Lg/liter (72 to 163).
Introduction
Deleterious effects of small amounts of copper (less than 100 t~g/liter) in catalyzing Haase and Dunklev (4) . The contlibution of copper bearing metals in milk handling equipment from direct milk contact has been recognized by many investigators , and as a result stainless steel largely has replaced such metals. Fieldmen and quality control specialists have emphasized replacement of milker pail heads and clusters as well as outlet valves on bulk farm tanks when these are composed of copper bearing metals, even though the main pal't of the vessel is of stainless steel.
These efforts have not been effective in eliminating copper as a contributing factor to undesirable changes. Investigators have turned their attention to tile role of equipment cleaning in permitting copper deposition on equipment surfaces, the copper being released later into the milk when such equipment is in use. In 1959, Dunklev and Kin R (3) demonstrated that enough copper could be adsorbed on the interior wails of a stainless beaker from a 400 /zg/liter copper sulfate solution (after 15 min contact with the solution and after rinsing four times with double distilled water) to increase the copper content of milk from 29 to 149 /~g/liter after only 15 miu contact time of milk with beaker.
Other studies by these same investigators with a simulated circulation cleaning set-up showed that cleaning solutions could remove effectively sufficient copper from a single "white metal" elbow to increase the copper content of milk in subsequent contact with the circuit from 8 to 107 /xg/liter, and ff hvpochlorite sanitizer was used as a part of the cleaning treatment, copper further increased to 187 /~g/liter. Johansson (5) reported that pronounced metallic flavor in butter from milk from a bulk tank on a large dairy farm led to an investigation of the copper content of detergent solutions and of milk after passing through the pipe line system. The copper content of the alkaline detergent increased from 5 to 4,000 to 6,000 ~g/liter, while the acid detergent increased from 400 to 5,800 tLg/liter, and the milk increased from 20 to 340 /~g/liter. The source of copper was thought to be from cop-per containing components of stainless steel or plastic.
Duin and Brons (2) found that water with varying amounts of copper gave up a considerable amount to a plate pasteurizer which in turn gave off a large amount to the milk, par-tic~lafly the first incoming milk. Similar results were reported for stainless steel tanks, tin plated and aluminum milk cans, glass bottles, and plastic containers.
Later, Duin (1) distinguished between direct copper contamination as arising from direct contact of the milk with copper bearing metal surfaces and indh-ect contamination through copper in disinfectant solutions and rinse water. Of 55 farms surveyed by him in Holland, milk supplies from 20 farms were liable to direct contamination and 27 farms to indirect. Circulation of .03 to .05% solution of citric acid or sodium citrate after cleaning and disinfection reduced the indirect contamination by 80 to 90%.
Smith (9) in 1972 implicated the water supply as an important source of copper contamination. While reporting on a method for estimating copper in water he stated, "Copper transferred from tubing to water is adsorbed on metal surfaces during cleaning and sanitizing. The subsequent solution in milk of copper contributes to oxidized flavor". He reported values for 20 water samples, which he subjected to two different test methods, ranging from 4 to 308 /~g/liter.
The objective of my investigation was to study the influence of farm water supplies and of farm equipment cleaning procedures on the copper content of milk produced on farms. Ten farms plus Hannah Research Institute, all in the coun~ of Ayrshire, West of Scotland, cooperated by permitting the sampling of water, wash water, and milk. The farms represented a variety of water supplies, cleaning procedures, and milk handling methods.
Materials and Methods
Water supplies. Of the 11 farms, 6 were supplied by the Ayrshire-Bute Water Board, from surface reservoirs. The remaining 5 were supplied by their own wells, one well serving 2 farms (Farms I and J). Of the four wells, three were covered concrete tanks accumulating water from nearby spring areas by connecting tile or polyethylene tubing. The fourth was a concrete wall, 5.5 by 5.5 m by 1 m deep, uncovered, and located directly on the ground spring source. Distance of the well from the farmstead varied from 600 to 1,500 m and dis-tance from Water Board connection to farmstead varied from 150 to 600 m.
Conducting piping from the well or Water Board connection to the milk house included polyethylene, iron, asbestos, and lead materials. Within the milk house, nearly all of the piping was copper and/or brass.
Hot water heaters. All 11 farms had copperlined hot water tanks, I0 electrically heated, and 1 oil-fired. Two of the electrically heated tanks were open-top-filled and gravity discharge. The remaining 9 tanks were conventional pressure-flow-through with cold water entering at the bottom and hot water discharging from the top. Milking systems. Two of the farms had herringbone milking pallors (Farms B and I).
The remaining 9 stanchion type barns included 5 round-the-barn pipe lines (Farms C, E, G, H, and J), one barn with fixed middle alley glass pipe line and dumping station (Farm A), 2 bucket to can (in barn) to pump to bulk tank (Farm D and F) and 1 bucket to can (in barn) to immersion cooler (Farm K). Ten farms, therefore, had bulk tanks and 1 had 45.5 liter milk cans. Eight farms had milk pipe lines including 4 with glass (Farms A, C, G, and H) and 3 with stainless steel plus 1 installation with 6 different 1.5 m glass sections intermittently located with 82 m of stainless steel line around the barn. Milk pipe line lengths varied from 12 to 100 m.
All 8 farms used vacuum to move the milk from the barn or parlor to a glass receiver in the milk house, 7 used a pump to transfer the milk from the glass receiver to the bulk tanks, and 1 farm (J) used a releaser.
Six farms had no visible brass in the milk contact surfaces (B, E, G, H, I, J). Farm A had a brass float valve in the dump tank, Farm C had brass clusters and pump, Farm D had brass pail heads, clusters and pump, Farm F had brass pail heads and pump, and Farm K had brass pail heads and dusters.
Bulk tanks. Sizes varied from 682 to 2,273 liters among the 10 tanks. All appeared to be entirely of stainless steel construction. Outlet valves consisted of rod actuated rubber plugs at a bottom-opening tank outlet. Cans. On the 2 farms using cans as an intermediate container between the barn and the milk house, the cans were aluminum. The canfitted strainer in one ease had a brass mesh for supporting the filter medium (Farm D). On the farm shipping milk in the cans, three cans were aluminum and five were tinned steel (some rust showing on most steel cans).
Cleaning methods. The conventional method of cleaning pipe lines consisted of dissolving detergent materials in 45 to 70 liters of hot water in a wash sink, circulating through a circuit consisting of milker units and pipe line for 10 to 20 rain, then following this with 45 to 70 liters of cold hypochlorite (prepared in a separate sink, flushed through the system to the drain.) Only Farm J did not use hypoehlorite in the final rinse. Bulk tanks were washed in two installations (Farms A and B) with timed spray devices consisting of a cold spray prerinse followed by a cold iodophor detergent spray with an idle contact time of 30 rain, followed by a cold hypochlorite rinse. At three farms (Farms C, H, and J) tanks were manually brushed with the hot detergent solution after circulating the pipe line, followed by cold rinse from a hose. One of these (Farm H) used hypochlorite fed to the hose via a venturi for the tank rinse. At four farms (Farms D, F, G, and I) tanks were manually brushed followfilg the sprinkling of dry detergent on the moist tank surface (after prerinsing), then the tank was rinsed with cold water from the hose. At one farm (Farm E) fresh detergent solution was made up in the tank for manually brushing the tank, followed by rinsing with cold water from the hose.
Analytical methods. Conventional methods
for copper analysis of water usually involve colorimetric reactions while those for milk involvo ashing followed by colorimetrie reactions with the solubilized ash. The ashing procedure must be carefully controlled and is tedious. When an atomic absorption spectrophotometer is available, filtrate from trichloracetie acid precipitation offers a much simplified and a more accurate method for determining copper in milk, water, and wash solutions.
Price (6) stated that most metal/protein bonds such as copper, zinc, and iron arc broken by trichloracetie acid and transferred to the supematant, and he suggested that blood may be prepared for atomic absorption analysis by mixing 1 ml serum with 1 ml 10% trichloraeetie acid, then centrifuging and aspirating the supernatant. Rowland (7) reported on the efficacy of triehloracetie aeid for milk protein precipitation. The method described herein is based on trichloracetie acid separation of protein and fat (the principal organie constituents of milk) from the water soluble lactose and minerals at a desirable dilution (1 q-1) which will minimize burner fouling on the one hand while retaining sufficient accuracy on the other. JOURNAL OF DAIRY SCIENCE, VOL. 58, No.
It was desirable to use trichloraeetic acid for preparing water samples as well as for milk samples because (a) water hardness and detergent interferences in flaming were minimized, and (b) copper standards were stable for at least 3 wk. Matrix effect interferences required that for milk, standards should be prepared in milk filtrate (method of standard additions). Milk standards were also stable for at least 3 wk.
Glassware was pyrex, washed first by hand in laboratory detergent, rinsed in warm 2.4 N HNO3, then finally thoroughly rinsed with glass distilled water, drained, and dried before use. Sample bottles for milk, water, and wash water samples were either 160 or 320 ml polyethylene screw top bottles (no top ins erts), washed by the same procedure as described for glassware. Samples were analyzed within 1 wk of collection. Distilled water for rinsing and preparation of reagents was allglass distilled using Fisons "Fi-streem" 4 liter model. Whatman :~:541, 11 em diameter hardened ashless filter paper was used for milk filtration. A safety pipet or dispensing pipet was used for trichloraeetie acid. A Pye Unicam SP 100 Double beam atomic absorption spectrophotometer was used.
Reagents.

72% (wt/vol) Trichloraeetie acid (TCA)
Stock. AnalaR grade TCA, 180 g diluted to 250 ml. 50% (wt/vol) TCA (for water sample preparation): 100 ml 72~ TCA plus 44 ml HzO 20% (wt/vol) TCA (milk precipitant):
80 ml 72% TCA plus 208 ml H20 10% (wt/vol) TCA (reagent blank for aspiration): 40 ml 72% TCA plus 248 ml H20
Standard stock solutions. A reference standard of atomic absorption spectroscopy (AAS) quality containing i mg per ml in 1N ttCI z was used as the initial standard for all diluted standards. A diluted reference standard of 10,000 /~g/liter was prepared by diluting 10 ml of the 1 mg/ml to 100 ml, then diluting 10 ml of this to 100 ml with distilled water. A diluted reference standard of 500 /zg/liter was prepared by diluting 10 ml of the 10,000 /~g/liter standard to 200 ml with distilled water.
Five-fold stock standards. Four concentrations of copper containing 100, 200, 500, and 1,000 ~g/liter were prepared by diluting 20 ml 500 /Lg/liter, 40 ml 500 ~g/liter, 5 ml 10,000 /Lg/liter, and 10 ml 10,000 /~g/liter
Obtained from BDH Chemicals Ltd., Dorset, England.
to 100 ml after adding to each 20 ml 50% TCA. The standards prepared are in 10% TCA and were stable for up to 3 wk.
Working standards for water and wash solutions. Working standards containing 20, 40, 100, and 200 #g/liter were prepared by diluting 5 ml respectively of each of the above t~vefold stock standards to 25 ml with 10% TCA. A least squares regression was computed of five concentrations of copper (reagent blank = 0, plus 20, 40, 100, and 200 t~g/liter as y, against instrument absorption readout values X 1,000 as x to obtain a predicting equation y = bx -[-a) for each group of water and wash solutions analyzed in any continuous half-day run.
Working standards for milk. Milk filtrate was prepared by mixing 100 ml milk with 22 ml 72% TCA and 38 ml H20, and filtering. Three funnel and filter paper set-ups were needed for this quantity of filtrate. The milk should be representative of that being analyzed to minimize matrix effect differences between samples and standards. The milk filtrate thus prepared represented a dilution of 1.6 to 1 in 10% TCA, Subsequent dilution of 20 ml of the filtrate to 25 ml with 10% TCA provided a 2 to 1 milk dilution in 10% TCA, corresponding with sample filtrates prepared by mixing equal volumes of milk and 20% TCA. Working standards containing 0, 20, 40, 100, and 200/xg/liter were prepared by diluting 5 ml 10% TCA for the "O" standard plus 5 ml successively of each of the five-fold stock standards to 25 ml with the milk filtrate just prepared. A least squares regression was computed of five concentrations of copper (0, 20, 40, 100, and 200/~g/liter as y against instrument absorption readout values X 1,000 as x to obtain a predicting equation, y = bx -t-a) for each group of milk samples analyzed in any continuous half-day run. In order to use the predicting equation thus calculated for milk filtrates, the constant represented by the natural amount in the filtrate at y = 0 was calculated and then subtracted. For example, if the least squares regression first obtained was: y = .8581x --34.0610, at y = 0, x = 39.6936, the predicting equation for milk now becomes: y = .8581x q-5.6325
Visual calibration curves may be drawn, but the computational method along with calculation of the standard error of estimate provide a basis for assessing operating conditions as well as other factors. Standard errors of esti-mate were less than ± 1.5 /~g/liter. All regressions for this range of copper values (up to 200 /~g/liter) were linear for both milk filtrate standards as well as for water and wash solution standards. The latter regression appeared to pass through or close to the origin (i.e. a should be within ~ 1.5/zg/liter.)
Preparation of samples. For water and
wash water, 20 ml of sample and 5 ml 50% TCA were mixed in a test tube. Milk samples were warmed to 20 C and 10 ml mixed with 10 ml 20% TCA in a test tube, then filtered collecting filtrate until the residue oll the paper no longer appeared liquid.
Instrument operation. For measuring copper in milk and water, the instrument was operated at conditions near the detection limit requiring scale expansion of about 17 times.
Reagent blank values were checked both before and after each sample because of instability of the instrument at this degree of amplification. After warm-up for 30 min with power to all components, air-acetylene flame in operation and aspirating distilled water, the instrument was adjusted for maximum energy with copper lamp at 4 ma Cm'l"ent (wave length 324.8 nm), sensitivity at 500, slit width at .10 mm, and scale expansion at 870. Flame conditions were 1,100 cc/min for acetylene with 5 liters of air per min at 1.0 cm burner height. The instrument was then zeroed again because exact zero could not be achieved at this degree of scale expansion, and instrument response was more readily monitored by recording readout values. The reagent blank readings generally shifted upward as time of operation continued, hence the necessity for taking reagent blank readings both before and after the sample.
Aspiration and reading. A 20 s integration time was selected as standard. With the uptake tube in 10% TCA reagent blank, the first 20 s reading was omitted but the next four 20 s readings were recorded, then the uptake tube shifted to the sample and the sequence repeated of omitting the first reading and recording the next four. Readout )< 1,000 was recorded to avoid repetitious decimal points. The uptake tube was then shifted back to the reagent blank for the "after" reading which also served as the '"oefore'" reading for the next sample. Eight readings were then averaged to obtain the reagent blank value (four "oefore" and four "after" readings) to be subtracted from the average of four readings for the sample. Instrument readings were converted to /zg/liter using the appropriate predicting equation previously described and multiplied by 25/20 for water or 20/10 for milk to adjust for sample dilution with TCA.
Burner fouling. Burner fouling (ash accumulation causing gaps in the flame) did not occm' with water or wash water solutions but did occur with milk filtrates even at milk dilutions of 3 to 1. For such situations a multislot burner was recommended by Price (6) but was not available for this work. To overcome this problem it was satisfactory to shut off the flame after removing the uptake tube from the solution (leaving air flowing) followed by guiding a wire (tungsten, platinum, or nichrome) the length of the slot to dislodge the ash. The ash readily blew clear and after reigniting, instrument response was unchanged as long as "before" and "after" reagent blank readings were taken. Attempting to clean the slot with the flame in operation is not recommended because of the danger of hot wire or ash being dislodged and falling into the carburation chamber and igniting the fuel prematurely, causing an explosion.
Monitoring uptake rate. The rate of uptake of solution is an important parameter of instrument response, hence, must be controlled. The uptake rate of milk filtrate with 10% TCA was slower than for 10% TCA alone and accounted, along with the matrix effect, for different readings for these two solutions and, hence, the necessity for providing separate milk filtrate standards. Partial plugging of the small diameter up-take tube occurred frequently. Fiber from filter paper was a frequent offender and was minimized by snapping the filter paper with the fingers prior to folding it for filtration. Fingers should be dry to avoid copper contamination.
Samples with sizeable particulate matter should be filtered. Very fine material readily passed through the uptake tube. Because partial plugging was difficult to recognize, it was desirable to monitor regularly the uptake rate of the 10% TCA reagent blank by filling a 10 ml cylinder for each aspiration, For the particular tube length in use the rate was 5.4 ml for each 100 s aspiration time (five 20-s integration periods) and when the rate decreased to 5.2 ml, the flame was shut off, the nozzle disconnected with the air still flowing and the tube then alternately back-blown and flushed by alternately applying the finger to the nozzle and then releasing it while the tube uptake end remained in distilled water.
Results
Repeatability of TCA method. Repeatability as indicated by the standard deviation of the difference between 53 duplicate milk filtrate samples was ___ 3.30tzg/liter copper while the mean difference was 3.68, and the range of differences was 0 to 14.
Comparison of TCA filtrate with ashing method for milk. Milk samples (25 ml) were ashed by the procedure of Smith (8) . The final ash was taken up in 10 ml of 1.25 N HCI (containing also .005 N EDTA a) and transferred to a 25 ml volumetric flask with H20 rinsings and finally made up to volume with H20. Standards were prepared in .5 N HC1 + .002 N EDTA. Standards and solubilized ash were aspirated and instrument readout values converted to ttg/liter copper as previously described. No dilution factor adjustment was needed since the original 25 ml volume was restored for the solubilized ash. Table 1 reports the comparison of three separate trials involving 10 different milk samples analyzed in duplicate by each of the two methods. The overall average of 100.5 /zg/liter by the TCA filtrate method versus 99.6 for the ashing method indicates satisfactory agreement between the two methods. Variation between duplicate determinations was less for the TCA filtrate method. However, the acquiring of greater skill as the result of repetitive use of the ashing method could be expected to improve agreement of duplicates for that method. Recovery of added copper was better for the TCA filtrate method. The extreme variation for samples 6 and 10 for the ashing method suggests that one value is spurious. Great care is 3 Ethylenediaminetetraacetic acid, disodium salt.
demanded for satisfactory preparation of the ash to prevent losses in the muffle furnace and this together with the many manipulations required make the ashing method tedious and subject to errors.
Effect of milk dilution. Effective precipitation could be achieved with only 5 ml 60% TCA per 25 ml milk, thus providing a relatively small dilution factor and in turn improving repeatability. However, only two to four sampies could be aspirated before burner fouling occurred. The 2 to 1 dilution rate adopted (10 ml milk + 10 ml TCA) greatly reduced but did not eliminate burner fouling, permitting 4 to 15 samples to be aspirated before fouling could be expected. Greater dilution rates of 2.5 to 1 and 3 to 1 were tried without noticeable reduction in fouling but with loss in repeatability.
Effect of TCA concentration. 81  29  82  2  23  "i6  7  24  35  37  7  69  44  19  119  B  1  26  12  31  57  85  101  31  47  349  37  80  2  21  16  46  58  64  78  29  27  485  18  97  C  1  17  7  14  32  48  65  23  27  41  10  96  2  24  19  4  12  29  56  5  12  59  13  117  D  1  34  20  3  26  43  165  1  7  29  3  163  2  48  31  0  30  34  139  4  5  106  2  133  E  1  30  16  17  29  39  9  11  12  34  11  86  2  41  33  11  28  28  41  15  14  61  4  95  F  1  32  18  0  34  36  67  2  9  16  5  102  2  38  31  14  35  33  46  7  12  74  4  115  Avg  30  20  13  34  43  73  12  21  115  13  107 Test Copper in water, washing solutions, and milk. The results of two samplings for each of the 11 farms are shown in Tables 2a and 2b. The first sampling period was 5 wk from Janualy 7 through February 10, 1974, and the second was 6 wk from April 4 through May 15, 1974. The first period was characterized by heavy rains and barn feeding and the second by relatively little rain, but with pasture feeding. A comparison of Period 1 with Peiiod 2 for all values reported showed no significant difference between means or between correlations for the two periods.
Water samples were taken at the farms with spring supplies, plus cold and hot water samples from the tap while filling the wash and rinse sinks, for all farms. In addition, samples were taken from the wash sink after adding detergent and from the rinse sink after adding sanitizer. The wash sink was again sampled after the normal circulation period of from 10 to 15 min, and the rinse water sampled according to the normal practice for the particular farm either after a short circulation period (two farms only) or at the end of the straightthrough rinse at the system discharge to the floor.
Bulk tank wash solution samples were taken at the end of the washup as the solution was drained from the tank to the floor. Of the three farms (C, H, and J, Tables 2a and 2b) using the equipment washing solution for brushing the bulk tank, copper values shown for "Milking equipment, Wash solution, After use" represented also the copper in the bulk tank washing solution before use. Other bulk tank washing systems involving timed spray where concentrate was injected into flowing water (Farms A and B) and brushing using moist powder (Farms D, F, G, and I) were not sampled before use because of the difficulty in obtaining a suitable sample. Tank rinse samples were taken at the conclusion of the rinsing while the last portion of rinse water was drained to the floor.
Milk samples were taken from the bulk tank just prior to collection by the road tanker, or for Farm K just before the cans were collected at the farm. During Period No. 1, Farms A, D, F, G, I, J, and K were collected every other day while Farms B, C, E, and H were collected daffy. Dm-ing Period 2 onlv Farms A and J were collected every other day. The change to daily collection was the result of greater milk production caused by increased number of fresh cows plus the change from barn feeding to grazing. All farms increased milk production from two to three times from Period 1 to Period 2.
The results in Tables 2a and 2b for copper in the well water showed low values with none of the 5 wells exceeding 9 tzg/liter. Notable increases generally occtu'red at the cold water tap at the wash sink, reflecting contact with copper and brass tubing, valves, and fittings. The average copper content of cold water at the wash sink for the five farms with their own well supply, the average for the six farms supplied by the water board, and the average for all 11 farms were respectively 64, 13, and 32 /~g/]iter. The substantial increase of copper in the hot water compared with the cold water from 33 to 220/~g/liter for all farms, reflected the temperature-time-surface area effects favoring the uptake of copper from the copper hot water tank liner. Farm H showed a great increase from Period I to Period 2 due probably to the installation of a new hot water tank 4 wk before the second period sampling. While the new tank was similar to the one it replaced, it is likely the protective oxides had not formed vet on the surface of the copper liner. Farm K had the most copper in the hot water and wash water in the first period due, probably, to the limited use of the hot water for washup, hence, less change-over of water in the tank each day. The lower value for Period 2 for this farm was the result of greater water usage prior to obtaining the sample on this particular day.
The small increase in copper from 220 to 246 t~g/liter although not statistically significant, for the hot water vs. the wash solution before use (hot water was used for making up wash solution) was due to contact with the sink and to a small amount in the detergent. After circulating the wash solution, the copper increased to 275 /zg/liter although this increase was not statistically significant.
The copper content of the rinse solutions was lower than the wash solutions because only cold water was used for make-up. Hypochlorite was used on 9 of the 11 farms and apparently did not contribute to the higher concentrations in the sink since the rinse solution before use, at 31 /zg/liter was practically the same as for the cold water (33/zg/liter).
While copper in all waters and wash and rinse solutions was higher for the farms with their own water supplies, this apparently did not result in increased copper in the milk since the milk from the farms with their own wells averaged 90 /~g/liter compared with 107 ~gfliter for the farms supplied by the Water Board. Copper content of this water and wash water on these 11 farms did not affect the copper content of the milk.
Water hardness. Water hardness values (total and calcium) using the Schwarzenbach method 4 are reported in Tables 2a and 2b . Samples taken at the well were used for the farms with their own wells, and samples taken from the tap at the rinse sink were used for the farms supplied by the Water Board. Farms with their own wells averaged 128 and 69 ppm total and calcium hardness while milk fi'om these farms averaged 90 /zg/liter of copper. Farms supplied by the Water Board averaged 30 and 20 ppm total and calcium hardness compared with 107 ~g/liter of copper in the milk from these farms. There is little tendency for water hardness to influence the copper content of milk from these 11 fal~ns.
Attempts to strip copper from pipe lines and milk tanks with sulfamic acid.
Copper adsorption on surfaces has been demonstrated by others (1, 2, 3) . The examinations for copper reported in Tables 2a and  2b do not reveal the extent to which copper might be deposited from water or cleaning solutions onto surfaces in contact with these solutions. Recovery of adsorbed copper with sulfamic acid was attempted to demonstrate adsorbed copper.
Commercial sulfamic acid crystals 5, as supplied for food plant use, were dissolved in water at 24 g/liter. For pipe lines, the necessary amount of acid was added to hot water at the wash sink and sampled before circulation, then sampled again after 15 min circulation time.
For bulk tanks the acid was dissolved in cold water because maintaining high temperatures at the cold tank sm'face was virtually impossible. A plastic pail and nylon brush were used in the tank, carefully brushing all milk contact surfaces including agitator and thermometer stems twice, followed bv draining to the pail and returning the solution to the tank sides twice to flush down and mix any residual solution from the surface. Solution samples were taken before and after the stripping procedure. Thorough rinsing with cold water followed all sulfamic acid treatments. Results are in Table  3 along with corresponding copper values in the milk before and after stripping.
Increases occurred in all solutions used fox" circulation cleaning of milking equipment and in all but one used for brushing the bulk tanks. Increases for the bulk tank solutions were relatively small and represent an insignificant amount in a tank full of milk. However, for the milking equipment, most increases were dramatic. On the other hand, no reduction occurred in the copper content of the milk after the treatment. Of interest is the high copper in the solution before use. Since examination of the sulfamic acid separately showed almost no copper, a fact reinforced by the low amount in the sample from the plastic pails before use in the bulk tank, the conclusion was drawn 4 Prepared reagents and procedure from BDH Chemicals Ltd., Poole, Dorset, England.
Obtained from Dextar Chemioals Ltd., Lockerbie, Durnfriesshire, Scotland. that a substantial amount of copper was adsorbed on the sink surface, or that copper or brass (such as chains attached to sink plugs) could contribute large amounts. The greatly increased values following circulation of the milking equipment suggested that copper might be arising from that portion of the cleaning circuit (sink plus solution return lines, milking machine dish'ibution manifold, etc.).
To gain some information on this point, for two of the farms sulfamie acid was first drawn through only the "milk side" before circulating the entire system. Results are in Table 4 . While substantial amounts were recovered from the milk side, by far the greatest increases came from circulating the entire system.
As an example of losses to cleaning solutions from brass components, the sink plug with attached brass chain from Farm B was weighed before and after an interval of 39 days, showing a loss of .130 g while a similar plug for the rinse sink (galvanized steel) showed a slight gain of .007 g even though hypochlorite was in use. The loss of .130 g would account for an increase of approximately 125 /zg/liter in the wash water if the system prerinse were completely ineffective.
Copper and brass in the nonmilk side of the cleaning circuit offers ample opportunity for transfer to the milk side.
Effect of sequential sampling of milk in contact with milk equipment. Because milk is an effective copper scavenger it was desirable to sample sequentially milk at different points in the milk flow to determine where notable increases might occur. Samples were taken on three farms with slightly different conditions for each, as in Table 5 .
A small portion of milk which first contacts the milk surface is likely to contain increased amounts of copper, but rapidly drops to original values once the available copper has been removed. The dilution effect of the milk which follows results in an insignificant amount in the entire tank contents.
Discussion
Analyses of wash and rinse solutions have not revealed any convincing relationship of high copper content of these solutions with increased copper content of the milk, as revealed by correlation coefficients in Table 6 . When tlae copper in milk for the two periods were averaged, the values for the two highest farms (Farms D and F, both with bucket milking systems) could be explained as arising from brass clusters, pail heads, and pumps. The third highest farm (Farm C, with round-thebaru pipe line) used a brass pump for transferring the milk from the receiving jar to the bulk tank. Because of the seeming bias of the farms with bucket milking, correlation coefficients were also listed in Table 6 for only these eight farms with pipe lines. However, practically the same situation (nonsignificant correlations) existed for these eight farms. All correlations were negative suggesting that the greater the copper uptake by the solutions in contact with the equipment surface, the smaller the amount available for uptake by the milk. For the possibility of adsorbed copper on milk equipment, the high concentrations of copper in the wash solutions indicate that potentially hazardous copper contamination may occur, particularly for the first milk in contact with the surface. However, two factors seemed to mitigate against great increases from such adsorbed copper in the milk. These two factors were (a) effective rinsing with cold water which was relatively low in copper and (b) the dilution effect of the incoming milk, which would be well in excess of 100 to 1 in a reasonably well drained system. The affinity of milk for copper provided effective and immediate removal of any adsorbed copper.
However, when milk is in direct contact with the copper or copper bearing metals, the opportunity for contamination is much higher, again emphasizing the importance of eliminating copper bearing metals from milk handling equipment.
